The al pha subunits of henogl obin, which in nature are forned as separate
pol ypepti de chai ns which bind noncovalently to the beta subunits, are here
provided in the formof the novel nolecule di-alpha globin, a single

pol ypepti de chain defined by connectlnq he two al pha subunits either
directly via peptide bond or |nd|rectly y a flexible am no acid or peptide
| i nker. Di-al pha glo e IgBTR W th beta

gl obin and hene to f(?k%nﬂm RI %)rﬁ% ﬁ Nhhﬁfkf HEnPg'dgxgressed by
reconbi nant DNA techni ques. |n may be simlarly obtained.

We further describe the production of tetranerlc human henogl obi n and

di - al pha/ beta[err] henopglobin in theAé gadhc §accharonyces cerevi siae. The
synthesis of the protein is directed by a synthetlc pronot or consi sting of
two functional parts, an wupstream activator sequence (UAS) that
~confers inducible trassaipphi-eabbni¢al o¢t ReERCHLEBLA, Cﬁﬁieﬁslﬂﬁ M&eﬁke are

“transcri ptignal n|t|at| Si pr.essi on constyuc e3| such
_that tran5PRPFdn’ Fé qﬁﬂ f??ﬁé#%éa %Ra%?ﬁagﬁh@thﬁ?é Bﬁnﬁgv? ﬁ&
wi | d-t ypetgertde fbetpers@bummrs{ eark- gieste npraviéed diiinf ettwh fbmesof)f the
" expressi ORo¥EEt GhS ) s A d © cont.aisped
on two se ?arate I]égﬁgxge eﬁés%%%ga %o%gg g I n aédl %I 0| g’ease Pli’lglﬁ :
(2) a-gl oﬁ?ﬁlaﬁe [%?r?cgnesthngadwecohvau ﬁéHhénS&bsmﬁGISe ‘%mwddl(:paszsg
and pGS389laansbpridessedd noei thaireariel bwradinlediihld  ahifo aha or
peptide linker. Di-alpha globin may be combined in vivo or in
vitro with beta globin and heme to form hemogloﬁin. Di-alpha
globin 1is expressed by recombinant DNA techni@ues. Di~beta

globin may be similarly obtained.

We further describe the production o? tetrameric
human hemoglobin and di-alpha/beta, hemoglobin in the yeast
Saccharomyces cerevisiae. The synthesis of the protein is
directed by a synthetic promotor consisting of t&o functional
parts, an upstream activator séquence (UAS) that confers
inducible transcrlptlon by galactose from a consensus yeast
transcrlptlonal 1n1t1atlon site. The .expression construct is
de51gned such that translation is expected to 1n1t1ate at the
same position as the human w11d-type genes for a- and B-globin.
Three different types of expression vectors have been used:
(1) a-globin and B-globin contained on two separate plasmids
(pGS4688 and pGS4988) in a diploid yeast strain;%(Z) a-globin
and fB-globin each contained on a single plasmidé(stésg and .
PGS389) and expressed in either haploid or diploid:strains; and
(3) di-alpha-globin and beta globin contained on a single
plasmid (pGS 3089)and expressed in haploid strains.

Finally, we describe the co-expression iof alpha and .
beta globin chains are -co-expresséd\ from a; constructed
polycistronic opéron, and are folﬁéd “together and combined
intracellularly with heme to form active tetramerii hemoglobin.
The hemoglobin may be recovered from the ceils' soluble
fraction. The invention thus obviates the need to express
alpha and beta globin separately, solubilize, grenature and
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(3) di-alpha-globin and beta globin contained on a single plasmd (pGS
3089) and expressed in haploid strains. Finally, we describe the
co-expression of alpha and beta globin chains are co-expressed from
a constructed polycistronic operon, and are folded together and conbi ned
intracellularly with hene to form acti vb& ettameri ¢ henogl obi n. The

henogl obi n nmay be recovered fromthe cells soluble fraction. The invention
t hus obviates the need to express al pha and beta gl obin separately,
solubilize, renature and urify them and conbi ne
themin vitro with heme to obt ai ASARAGE ri W"gilﬂpémermgl obin. By way of
conparison, the separately expressed beta globin known in the art is
deposited in inclusion bodies.
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purify them, and combine them in vitro with heme to obtain an
artificial hemoglobin. By way of comparison, the separately

expressed beta globin known in the art is deposited in
inclusion bodies.




